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© Oxygen sensor. 

© An expendable immersion oxygen sensor for 
molten metal is provided with an improved oxygen 
reference electrode including Cr, Cr 2 03, NiO, and Fe 
and the oxygen electrode and thermocouple are 
secured in the face of the sensor by resin-sand to 
reduce initial overshoot and failure due to thermal 
shock. 
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OXYGEN SENSOR 



This invention relates to expendable immersion 
oxygen sensors capable of being immersed in a 
bath of molten metal for the determination of the 
oxygen dissolved in the metal and, more particu- 
larly, to an oxygen sensor for use with molten iron 
or steel. 

The determination of dissolved oxygen in iron 
and steel by immersing an electrolytic cell and 
temperature sensing device into the molten metal 
during the refining of steel has been practiced by 
steel companies for sometime. Because of the 
manner in which these oxygen sensors are used 
the solution of any problem resulting in failure of 
the sensor to provide a proper output signal must 
be based upon assumptions as to the cause of 
such failure. 

While there has been much improvement in 
the reliability of the reading from the oxygen sen- 
sor over the years, there continues to remain the 
problem of initial overshoot of the output signal 
from the oxygen sensor upon immersion of the 
sensor into the bath of molten metal, particularly 
when the sensor is used with iron or steel having 
low levels of oxygen, in the 2 to 3 parts per million 
range. Furthermore, while the problem of thermal 
shock associated with the magnesium stabilized 
zirconium oxide electrolyte has received much at- 
tention and several solutions have been proposed, 
there still remains failure of some of the sensors to 
produce the proper output signal due to breakage 
of the solid electrolyte as a result of thermal shock. 

The present invention is directed to an expend- 
able oxygen sensor for measuring the dissolved 
oxygen in a bath of molten metal and, more par- 
ticularly, in a bath of molten steel. The device 
comprises a measuring cartridge which is generally 
sealingly mounted in the end of a rigid tube of heat 
insulating material capable of withstanding the tem- 
perature of the molten steel for an immersion time 
of 15 seconds. 

The cartridge has a cylindrical body portion 
with the oxygen determining electrolytic cell pro- 
truding from one face of the cylinder, electrical 
leads passing through the cylinder and electrical 
contact members formed in the opposite end of the 
body portion. The electrolytic cell, which contains a 
reference electrode within a tube of solid elec- 
trolyte, is mounted within a cavity in the end face 
of the body portion with the cell protruding beyond 
the face of the body and usually secured there by 
a refractory cement 

According to the present invention improved 
sensor reponse is achieved with the electrolytic cell 
secured to the body portion by resin-sand and by 
change in the material of the reference electrode. 



It is an object of the present invention to pro- 
vide a novel immersion oxygen sensor which elimi- 
nates the problem of initial overshoot upon immer- 
sion into a molten metal bath, 
s It is another object of this invention to reduce 

the failures of immersion oxygen sensors due to 
thermal shock occurring at the time of immersion. 

For an understanding of applicant's invention 
the following description and claims should be read 
70 with reference to the accompanying drawing 
wherein: 

The sole figure is a side elevation of an immer- 
sion oxygen sensor partially in cross section. 

Referring now to the drawing, there is shown 

T5 an immersion oxygen sensor cartridge 10 which, as 
shown, consists of a body portion 12 and a tail- 
piece member 14. The body portion 12 and the 
tailpiece member 1 4 may be a monolithic structure 
or may. as shown, be two separate pieces that are 

20 secured together either by cement or by mechani- 
cal latching or by both. Secured to and carried by 
the tailpiece member 14 are a series of three 
electrical contacts 16. 18 and 20 to provide elec- 
trical signal connections to the cartridge 1 0. Prefer- 

25 ably the tailpiece member 14 should be construct- 
ed of a resilient material such, for example, as 
nylon or polystyrene. The resiliency of the material 
insures that the contacts 16. 18 and 20 will make 
good electrical connection with corresponding con- 

30 tacts in a manipulator (not shown) and also provide 
adequate friction force so that the cartridge and the 
manipulator will not separate prematurely during 
use. 

The face of the body portion 12 contains a 

35 cavity or opening 22 for housing and securing the 
proximal ends of the various elements constituting 
the dissolved oxygen sensor. The open end of a 
closed end tube 24 of magnesium stabilized zirco- 
nium oxide is inserted into the cavity 22 with the 

40 closed end of the tube 24 protruding beyond the 
face of the body portion 12. The tube 24 of magne- 
sium stabilized zirconium oxide is the solid elec- 
trolyte of an oxygen electrochemical cell. Con- 
tained within the closed end of the tube 24 is an 

45 oxygen reference material 26 that preferably is in 
powdered form. Located between the oxygen refer- 
ence material 26 and the open end of the tube 24 
is a quantity of AI2O3 powder 27. as an inert filler to 
maintain the reference material 26 in contact with 

so the inner closed surface of the tube 24. The pow- 
der 27 is retained within the tube 24 by an epoxy 
cement in the opening of the tube 24. 
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In order to provide an electrical connection to 
the reference side of the solid electrolyte 24, an 
electrical conductor 28, preferably a molybdenum 
wire, extends through the open end of the tube 24 
and into the reference material 26. The electrical 
contact 16 is connected generally by a suitable 
conductor (not shown) to the end of the electrical 
conductor 28. 

Upon immersion of the oxygen sensor car- 
tridge 10 into a bath of molten metal, an oxygen 
electrochemical cell is completed. The molten met* 
al bath forms an unknown oxygen level on the bath 
side of the solid electrolyte, and a known reference 
oxygen level is produced on the inner side of the 
solid electrolyte. In order to provide an electrical 
connection to the bath side of the solid electrolyte 
an electrical conductor 30 in the form of a steel 
ring is located in the face of the cavity 22. The 
conductor 30, which may alternatively be in the 
form of a protruding molybdenum rod, is con- 
nected by a conductor (not shown) to the electrical 
contact 20. As shown, the wall of the cavity or 
opening 22 is provided with a shoulder 23 to insure 
that the ring conductor 30 protrudes byond the 
face of the body portion 12. Thus, upon immersion 
of the cartridge 10 into a bath of molten metal, an 
electrical signal is produced between the contacts 
16 and 20 that is determined by the difference in 
the oxygen levels in the bath of molten metal and 
the reference electrode and by the temperature of 
the bath. 

In order to determine the oxygen in the bath it 
is necessary to measure the temperature of the 
bath. It is, therefore, normal practice to include in 
an immersion oxygen sensor cartridge a bath tem- 
perature measuring element, usually in the form of 
a thermocouple. Thus, the cartridge in the figure is 
shown as including a U-shaped tube 32 made of 
quartz, or the like, in which is located a ther- 
mocouple junction preferably of Pt;Pt. 10% Rho- 
dium. The thermocouple leads are electrically con- 
nected to the contacts 16 and 18, with the Pt lead 
of the thermocouple connected to the contact 16 
and the Pt, 10% Rhodium lead connected to the 
contact 18. 

Applicant has noted that upon immersion of a 
conventional oxygen sensor into a bath of molten 
metal that the recorded values of the oxygen, as 
produced on a chart recording instument, often 
climb rapidly to a high level of indicated oxygen 
and then decrease to a steady value representative 
of the oxygen level of. the bath. Applicant discov- 
ered that the undesirable initial overshoot of the 
oxygen level could be, for the most part, eliminated 
by changing the composition of the oxygen refer- 
ence material 26 by using a powder mixture having 
86%, Cr; 3%. Cr 2 O s : 7%, NiO; and 4%. Fe. While 
the addition of the NiO and Fe to the reference 



material 26 improved the response of the oxygen 
sensor by reducing the occurrence of an initial 
overshoot it was noted by applicant that initial 
overshoot continued to exist when the oxygen sen- 

5 sor was used to measure oxygen in metals having 
low oxygen concentrations, in the order of 2 to 3 
parts per million. 

It has been conventional practice to secure the 
tube 24, the U-shaped tube 32, and the electrical 

70 conductor 30 in the cavity 22 by using a water 
slurry of refractory cement and then heating the 
cartridge 10 to dry the water from the cured ce- 
ment. Applicant has discovered that if a resin sand 
is used to secure the measuring elements in the 

75 cavity 22 in place of the refractory cement, the 
inital overshoot when using the oxygen sensor 
even in measuring oxygen in low concentrations is 
minimized. Accordingly, the oxygen sensor car- 
tridge 10 shown, in the figure has the cavity 22 

20 filled with a resin-sand 34. Applicant believes that 
the initial overshoot occurring in the measurement 
of oxygen in metals having low oxygen concentra- 
tions when using conventional sensors with refrac- 
tory cement results from the liberation of some 

25 residual water vapor from the refractory cement. 
Since resin-sand does not use water in its com- 
position there is no chance of liberation of water 
vapor from the cartridge upon immersion. Resin- 
sand is well known to those skilled in the art as a 

30 mixture of silica sand with a binder of phenol 
formaldehyde. 

In the manufacture of the oxygen sensor car- 
tridge 12 the resin-sand is placed in the cavity 22 
and in any annular spaces occurring outside the 

35 ring conductor 30. The cartridge is then baked to 
cause the resin binder to set and thereby secure 
the sensor elements in cavity 22. 

Because of the low thermal conductivity and 
high thermal mass of the resin-sand, as compared 

40 to the refractory cement it has been found that 
another benefit of the use of the resin-sand 34 is 
that the longitudinal temperature gradient in the 
magnesium stabilized zirconium oxide tube 24 is 
reduced, and the tube has less tendency to frac- 

45 ture due to thermal shock when the cartridge 10 is 
immersed in molten metal. 

In order further to reduce the thermal shock 
breakage of the tube 24, an open ended steel tube 
36 surrounds the tube 24 and extends beyond the 

so closed end of the tube 24. The steel tube 36 is of 
such an inner diameter that it does not contact the 
tube 24, but provides an air space between the 
tube 24 and the tube 36. In practice, the tube 36 is 
made of a corrosion resistant steel to eliminate any 

55 possibility of rusting of the steel tube 36, which 
might adversely affect measurements of oxygen at 
low concentrations. 
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In order to use the cartridge in the measure- 
ment of oxygen in an industrial environment where 
slag is normally present on the surface of the 
molten metal, the face of the cartridge and the 
sensing elements are protected from the slag dur- 
ing immersion by a steel cap 38, secured by epoxy 
to the face of the body portion 12. and an outer 
cap 40, preferably made of paper. The caps 38 
and 40 protect the face of the cartridge 10 during 
immersion through the slag layer and then quickly 
melt or bum away when the cartridge is in the 
molten metal to expose the oxygen cell and the 
thermocouple to the molten metal. 

In order to immerse the cartridge in the bath of 
molten metal the cartridge 10 is secured in the end 
of a long tube 42 capable of immersion in the 
molten metal and having heat insulating properties. 
Typically the tube 42 is made of cardboard. For 
measurement at low levels of oxygen in molten 
metal, all silica containing components and com- 
bustible components, such as paper tube 42, are 
coated or replaced with more stable oxide compo- 
nents or coatings, typically AI2O3 or MgO. The body 
portion 12 has a cylindrical extension of reduced 
diameter with ridges 44 on its outer cylindrical 
surface. Epoxy cement is applied to the part or the 
body portion 12 that contacts the tube 42 and the 
two are positioned together, as shown in the figure. 

It is conventional practice to slide the assem- 
bled tube 42 and cartridge 10 onto a manipulator 
usually in the form of an elongated pipe with lead 
wires passing through the pipe and terminating in a 
connector element that has contact members that 
engage the contacts 16, 18 and 20. The electrical 
signals generated by the oxygen cell and the ther- 
mocouple are thereby transmitted through the ma- 
nipulator to measuring and recording instruments 
to display the temperature and oxygen level in said 
molten metal. 

The present invention may be embodied in 
other specific forms and reference should be made 
to the appended claims as indicating the scope of 
the invention. 



Claims 

1 . An improved immersion oxygen sensor hav- 
ing an electrical output that is more stable and less 
susceptible to initial overshoot of the measured 
value upon immersion in a bath of molten metal 
comprising a zirconia solid electrolyte having its 
outer surface exposed to said molten metal upon 
immersion in said bath, a Cr. O2O2 reference elec- 
trode contacting the inner surface of said solid 
electrolyte to provide a reference level of oxygen 
partial pressure, a first electrical conductor provid- 
ing electrical contact with said reference electrode, 



and a second electrical conductor for making elec- 
trical contact with said molten metal upon immer- 
sion, characterized in that NiO and Fe are com- 
bined in said reference electrode. 
5 2. An improved oxygen sensor capable of im- 

mersion in a bath of molten metal for the deter- 
mination of dissolved oxygen content in said bath 
comprising 

a sensor cartridge having a body portion with a 
10 cavity in one face of said body portion. 

a closed end tube of solid electrolyte mounted 
in said cavity with said closed end of said tube 
extending beyond said surface of said cartridge, 
an oxygen reference material mounted within 
75 said closed end tube and in contact with the inner 
surface of said tube, 

a first electrical conductor extending through 
said cartridge and into said closed end tube mak- 
ing electrical contact with said oxygen reference 
20 material, 

a second electrical conductor extending through 
said cartridge to provide electrical contact with said 
bath of molten metal when said sensor is im- 
mersed in said bath, and 
25 a resin-sand material filling said cavity to 

maintain said closed end tube securely in said 
cartridge. 

3. Apparatus as claimed in claim 2. in which 
said oxygen reference material is a mixture of Cr, 

30 Cr203. NiO and Fe. 

4. Apparatus as claimed in claim 2, in which a 
heat shield in the form of an open ended metal 
cylinder supported by said resin-sand material sur- 
rounds said closed end tube of solid electrolyte 

35 with a space between said cylinder and said tube 
and said cylinder extends beyond said closed end 
of said tube. 

5. Apparatus as claimed in claim 4, in which 
said metal cylinder is formed of steel. 

40 
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